Extended-spectrum ␤-lactamases (ESBLs) are enzymes capable of hydrolyzing oxyimino cephalosporins, thereby causing resistance to these drugs (14, 17) . Since the first ESBL was identified in Germany in the 1980s (7), they have been found worldwide (2) , and outbreaks of hospital-acquired ESBL-producing enterobacteria have been reported in some European countries, Asia, and the United States. ESBL-producing enterobacteria have also been identified in the Nordic countries (5, 8) , but nosocomial outbreaks have not yet been reported.
From June to October of 2002, a cluster of ESBL-producing Escherichia coli was recognized in two adjacent hospitals, South-Stockholm General Hospital and Rosenlund Hospital, in southern Stockholm. This finding prompted an epidemiological analysis and a retrospective investigation of previously collected resistant E. coli from southern Stockholm. The objectives of this study were to investigate whether the isolates from the cluster were genetically related, thereby verifying nosocomial transmission, and furthermore to characterize the resistance mechanisms of the strains.
All resistant E. coli isolates collected from late 1999 to October 2002 were included. The presence of ESBL was tested by both the double-disk method (10) and Etest (ABBIODISK, Solna, Sweden). In total, 18 isolates produced ESBLs, including the 11 isolates (E 1 to E 11) found during the outbreak and seven (101 to 107) detected between September 2000 and March 2002 ( Fig. 1 ; Table 1 ). Patients' transfer among healthcare facilities before and during outbreak is illustrated in Fig.  1 .
These strains showed resistance to aztreonam, piperacillin, cefotaxime, and ciprofloxacin, with variable levels of susceptibility to ceftazidime. Notably, the MICs of cefotaxime were higher than those of ceftazidime.
Real-time PCR assays were developed in this study for detection of CTX-M-1-type and SHV-type ␤-lactamases, while TEM and OXA PCR were performed according to the methods of Yano et al. (20) and Ouellette et al. (12) , respectively. SHV primers (SHV1, 5Ј-CTTTATCGGCCCTCACTC AA-3Ј; SHV2, 5Ј-AGGTGCTCATCATGGGAAAG-3Ј) were designed on the basis of the published SHV-1 sequence (15), and CTX-M-1-type primers (CM1, 5Ј-CGTCACGCTGTTGT TAGGAA-3Ј; CM2, 5Ј-TCGGTTCGCTTTCACTTTTC-3Ј) were based on the published sequences of CTX-M-1 (1), CTX-M-3 (4), CTX-M-10 (11), CTX-M-11 (GenBank accession no. AY005110), and CTX-M-12 (6) . The CTX-M-1-type gene was detected in all isolates except for isolate 102. The OXA gene was detected in 15 of the isolates, the TEM gene in 12 of the isolates, while the SHV gene could not be detected in any isolate ( Table 1) .
The strains were genotyped by pulsed-field gel electrophoresis (PFGE) after macrorestriction with XbaI, generating two clonal types and three unique patterns (Fig. 2) . Isolates E 1 to E 11 were clustered into two clones (clone 1 and 2); four earlier isolates also belonged to clone 1 with the earliest isolated in May 2001, and the remaining (101, 102, and 107) belonged to three unrelated types (Fig. 2) . Clone 1 isolates could be further divided into three subtypes: 1a, 1b, and 1c.
␤-Lactamase analysis was carried out on representative isolates of each PFGE pattern. Analytical isoelectric focusing of crude cell-free sonicates was performed by the method of Matthew et al. (9) . The ESBL activity of each ␤-lactamase band detected was confirmed by a cefotaxime-hydrolyzing disk diffusion assay. Briefly, the bands were cut out from the gel and placed, at a distance of approximately 15 mm from a paper disk containing 30 g of cefotaxime, on an agar plate previously seeded with E. coli ATCC 25922 (cefotaxime susceptible). Indentation of the inhibition zone towards a ␤-lactamase band indicated hydrolysis of cefotaxime by that enzyme. Clone 1 isolates (1a, 1b, and 1c) yielded a ␤-lactamase band, focusing at pI 8.9, which was proved to be an ESBL by the cefotaximehydrolyzing assay, and also bands at pI 5.4 (except clone 1c) and 7.4, indicative of TEM and OXA enzymes, respectively, but with no ESBL activity. Clone 2 isolates produced two ESBLs, focusing at pIs 7.4 and 8.9. ESBL bands with pIs 8.4, 8.9, and 6.1/7.9 were discovered from sonic extracts from strains 101, 107, and 102, respectively.
The fact that clone 1 and clone 2 isolates harbored the CTX-M-1-type ␤-lactamase gene and expressed an ESBL at pI 8.9, together with their resistance profile, indicated that these clones produced CTX-M-1 ESBLs. Besides, clone 2 isolates also expressed OXA-type ESBLs according to the ␤-lactamase analysis and the presence of the specific ␤-lactamase genes. The TEM and OXA ␤-lactamases produced by clone 1 isolates had no ESBL activity. With regard to the three PFGE-unrelated strains, strain 101 produced a CTX-M-3 ESBL (a member of the CTX-M-1-type ␤-lactamases), and strain 107 produced a CTX-M-1 ESBL based on the findings in PCR and ␤-lactamase characterization. Strain 102 produced a TEM-type ESBL (pI 6.1) and another ESBL with pI 7.9, which was probably a CTX-M-2-type or CTX-M-9-type enzyme.
In accordance with the laboratory findings, patients 101 and 107 had no contact with the outbreak-involved hospitals, and patient 102 had only outpatient visits at the hospital.
In recent years, a new family of ESBLs, called CTX-M, that preferentially hydrolyze cefotaxime has arisen (2, 19) . Strains expressing CTX-M-type ␤-lactamases have, earlier, most often been associated with focal outbreaks in Eastern Europe, South America, and Japan (2) . Recently CTX-M-producing strains have been reported in Western Europe as well (3, 16) , and now, also in Sweden.
The ESBL-producing strains, in the present study, were coresistant to ciprofloxacin, which was in accordance to the report by Tolun et al. (18) . The study by Paterson et al. (13) showed that 11 of the 15 ciprofloxacin-resistant ESBL-producing Klebsiella pneumoniae isolates belonged to just four genotypes, similarly 15 of the 18 ciprofloxacin-resistant ESBL-producing E. coli isolates in the present study were grouped into only two clones, suggesting that patient-to-patient transmission of such strains occurred. The close relationship between ESBL production and ciprofloxacin resistance is worrisome since ciprofloxacin resistance severely limits already restricted treatment options.
In conclusion, this study confirmed the nosocomial outbreak of ESBL-producing E. coli in southern Stockholm in 2002, which is the first documented hospital-acquired ESBL outbreak in Sweden. Through molecular epidemiological investigations it was disclosed that the outbreak actually consisted of two clones, one of which had already circulated in the same area 1 year before the outbreak. The study also revealed that both clones were CTX-M-type ESBL producers; besides, one of the clones expressed OXA-type ESBLs as well. The close relationship between ESBL production and ciprofloxacin resistance observed in the study poses the necessity of continued surveillance on these clinically important coresistant strains.
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